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EVALUATION

Th is report , Vol I , contains the generIc functional requirements
for a programming support library (PSL). The requirements are
pr esented at two levels of detail. Chapter Two contains a brief
summ ar y of the r equ ir emen ts separa t ed in to Ba sic and Fu ll PSL
req uirements. Chapter Three contains the full wording of the
requirements organized into nine categories. The specification
for each ind iv idual requirement is followed by a brief
d e s c r i p t i o n  of its purpose.

This  v o l u m e  wi l l  serve  as a co m p lete functional specification
f or a f u l l  or 8a sic pro g ram su p por t l ib r a r y  in a s o f t w a r e
d evelopment contract. It ’s con tent will also be used to
provide a completely generic functional description of the
requirements for a program support library in an appendix of
the Rome A ir Development Center Software Development Specification.

~ ICH AEL~”LAN D E S
P r o j e c t  Eng inee r

iv 



1. INTRODUCTION

This Report on the requirements for a Programming Sup-
port Library is organi zed into two volumes.

Volume I contains the Functional Requirements and Vol-
ume II con tains the Guidelines for their Implementation , in-
clud ing many examples generated on a variety of computer sys-
tems.

In this Volume I , the Functional Requ irements are pre-
sented at two differe i,t levels of detail: Cha pter 2 contains
a brief summary of the requirements , separated into the re-
quir ements for a Basic PSL (Chapter 2.1) and a Full PSL
(Chapter 2.2).

Chapter 3 contains the full wording of the functional
requirements organized Into 9 different categories. The
sp ecification for each Individual requirement is followed
by a brief description of the purpose of the particular
paragraph and Its classificati on (Basic or Full).

V o l u m e  I of thi s F i n a l  Re por t ma y th erefore be use d as
the sp ecification for the implementation of a Basic or Full
Programming Support Library (PSL) under a Government software
development contract.

Volume II of this Final Report follows the organizational
structure of Volume I and provides implementation guidelines
for each paragraph , with examples drawn from several different
types of computer systems ranging from m inicomputers to large
in-ho ~ase mainframes and time -share systems . The examples serve
as further illustrations of the intent of each PSL re quirement
and can therefore be used by a OP manager to rapidly assess
whether h is present installation alread y complies with a
spe cific PSL requirement. If not, the guidelines and exam p les
will allow him to implement a requirement in a cost effective
m a n n e r .

All references to the “Structured Programmed Series ’ Der-
ta m to RADC-TR-74-300 which con sists of 15 volumes. It is
available from the NTIS under cata log number A0/ A -0O3 

339.1



—-w ~ ,

2 . SUMM A R Y OF F U N C T I O N A L  RE Q U I R E M EN TS
2 1  B a s i c  P SI

A Basic PSL shall include the following:

a. Overview. A data repository shall be maint a ined
in two forms: Data Is stored in an Interna l
Library which Is computer -resident in machine
re adabl e form. The Identical data i s also stored
In an External Library which Is in hard copy form ,
in org anized project notebooks or post binders.
Procedure s shall be established for this rep ository
to define:

1. The delegation of clerical and record keeping
op erations associated with the programming pro-
cess and the maintenance of both the Internal
an d External Libraries.

2. The delegation of all machine operations with re-
gard to such areas as project in it ia tion /t ermina-
tion , program -test philosophy , output media/fre-
quency , etc.

• 3. The requirements for the recording, cataloging,
and filing of all code generated in the project ,
both intermediate and final ; fir the retention
of super ceded , corrected code for stated reten-
tion periods.

b. Source Data Maintenance. The PSI shall be structur-
• 

- a l ly organized to provide the following capabilities:

1. Data File Storage - The ca p ability to store with-
in the Internal Library files of source and object
code, control language, code enabling the l oa di r t q
and execution of several files stored , storage ~f
files in a compressed form from which they can be
restored , etc.

. Data -Access - Direct access of a si n gle unit cr
stored data in a t imely fa~~n ion .

2
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3. Library Backu p - A ca p ability to recover from
inadvertent loss or destruction of data. This
involves backup storage on a storage unit inde-
pend ent of the Internal Library (e.g., magnetic
tape , disk pack , punched cards) and also the re-
generation of the library data files from this
backu p storage. Th i s backup capability shall
selectively regenerate and restore data so that
it is possible to recover porti ons of the total
PSL data base without the need to perform full
storage dump and restore operations.

4. Data Maintenance - The capability to add , delete,
or replace one or more units of data in an Internal
Library file; to copy one or more segments of data
from one library file to another.

c. Output Processing. This involves the output of data
stored in the file(s) -and the output of related con-
tro l data for use by both programming and management
personnel . As a minimum , data Output shall include:

1. Project Status Listings - Status information with
regard to a section within a project to Include
such items as segment name , date/time information
retrieved , stora ge space allocated and used , seg-
ment language , creation/last -updat e date , number
of lines per segment.

2. Source Listings — Printed output of any segment
which is in card-image format such as Source , PDL,
Link , Job , Tes t and Text. The output contains
such Items as prin t date/time , language , se gmen t
type , line numbering and nesting-indentation , seg-
~ent update ~‘nformation.

d . Programming Language Support. This capability in-
cludes the validation and com pilation of program
source code stored in the PSL. The PSL shall inter-
face with or invoke pr ecom pil ers and com pil ers (JOV:IL ,
FO R T R A N , and COBOL) for th~ purposes of syntax checki n g
of both structured and unstructured source code , corn -
pi l i n g  the source code, and storing the resultant ob-
ject module within the library . Further , to p r o v i d e

3
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loa d m odule generation to execute the necessary com-
puter pro grams (i .e ., to convert object modules into
executable programs , to store the resulting machine
code in the l ibrary , to load the pr ogram for subse quent
execution).

e. Library sy stem M aintenance. To orov i J e pr ocedures to
-jener ate and ma i n t a in the PSI system. Thi s sha l l in-
clude PSL instal l a t i o n ;  i n i t T a l i z a t i o n  of PSL orojec t s;
creation of any of the ei ght standard PSL sections (~iataf ile s j ; terminati o n (ie le t io n ~ of a sec t ’-o n , l ibr 3 ry, or
pr oject; backup/restore either on a pr oj ect , library , or —

section level.

Privacy/ A ccess Constraints. The PSL shall provide ~orthe integrity of the data stored wi t h i n  the PSL. Th is
includes maintaining the separation of dFferent ver-
sions of projects /progr ams under development , con trol
over inadvertent destruction of data , and p rotec t ion of
data from unauthorized access.

9. Management Data Collection and Reporting. No Bas i c
Requi rernents.

h . Documentation Support. Basic requirements are met by
Basic Source Data Maintenance.

i . Jn -L ine Terminal Imp l em en tat idn Requirement s . Use of
on-line ter m inals requires: Supp ort of ter m i n als (both
CRT and typewr iter) connected to the com p uter directly
or v ia communications links, a Remote Job Entry fa cility ,
inter-terminal communications , mini m al data loss in svs-
ten failure , and a facility to easily scan data ~i’ es at
the terminal

4 
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2.2 Full PSL
A full PSL with management data collection and reporting shall
‘~nc lude - all the functions defined for the Basic PSL above and
the additional ca p ability of providing full privacy/access con-
stra ints, documentation support and management data co l lection /
reporting as specified herein:

a. Source Data Maintenance
1. Data File Maintenance - A Full PSL will allow

record modification wi th out rety p ing the entire
record (specific character selection/replacement)
temporary changes in a file, automatic gener atio n
of pr ogram stubs , and a facility to nondestructively
merge two or m ore PSL files from two or more PSL
Libraries.

b. Output Processing. A Full PSL wi l l support:
1. Magnetic Tape Output - copy ing one or more records ,

or , one or more files to magnetic tape.

2. Punched Card Output - punching cards from one or
more records , or , one or more fil es.

3. Management Control listings - covered in paragra ph
on Management Data Co l lection and Reportin g .

4. List by Programmer - generate a list of all files
and/or listings thereof , that are identified w ith
a specific programmer.

5. Automa tic Indentation of Source Code.
6 .  Data Scanning - searching for a particular character

string in every line of every file in a PSL.
7. 3irectory Availability - listing of pertinent informa-

tion about a par ticular directory .
c. Programming Language Support

1. Top Down Structured Programming (TDsP) Support -
flagging source code constructions that do not
conform to TDSP philosophy; such as , ex pli cit
branches , large program blocks , an d source lines
with more than one statement.

d. Library Maintenance Support — this includes:

1. Lib rary Installation Support - definition of hard-
ware configuration at installation time , an d sys-
tem generation facilities allowing user to generate
a PSL.

5
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e. Pr ivacy/Access Constra ints. The PSL sha ll provide
contro l  over the Integrity and secur i ty  of the data
stored w i th in  the PSL ; namely control over d i f ferent
vers ions  of proj ec ts / programs under develo pment,
contro l  over the inadvertent dest ruct ion of data ,
and control with regard to the protection of data
from unauthorized access. The design requirem ents
listed herein are not intended to support the pro-
tection of military classified data. Protection of
classified data is left primarily to physical security
measures (i.e., con trol of computer log-on , installa-
tion of computer terminals within secure areas). (See
Sec. 5.5 and 5.7.5 of the Specification for military
classification provisi ons.)

1. Data Integrity — Procedures shal l  be es tab l i shed
for maintaining control over multiple versions of
a program or program system and also control over
var ious change levels of program source segments
within a specific version. A version is defined as
a com plete program or program system as It exists
at a specific point In time , usually related to a
specific milestone in the develo pment cycle. The
obj ec t ive  of vers ion and level control Is to a l l ow
a development and /or maintenance group to manipu —
late mult ip le vers ions of the same program system ’
(e.g., o pera ti onal vers i on , develo pmen t vers i on ,
maintenance vers ion)  stored in separate  l ib rar ies
with ou t unnecessar y du pli ca ti on of source or ob jec t
co de. W ith vers i on con trol , it is possible to
merge data from several libraries for the purpose
of performing tests.

2. Data Protection - The PSL shall contain fac ilities
for the protection of data stored in a project from
unauthorized access and update . Procedures shall be
established to limit data destruction (and likewise
data recovery ) to authorized personnel only. At a
m i n i m u m , these procedures sha l l  e s t a b l i s h  con tro l s
at the project , library , and data file positions as
defined for the designated PSL installation.

6

— 
- —S —— - -  r~~

_ 
~ - ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - . — —  - - 

— - - - •



b. Management Data C ollect io n and ~ep o rt in t~ (MD CR~
This ca p ab lH tv inv ol v e s the co ll e ct i o n and storat ~e
of data rel te’d to progr am devel opment .and maintenance
and subsequen t l y , the m~e ne~ a t i o n  of rna naqement repor t 5
c o n t a i n i n g  the data a n d / o r  ‘5umm a r le s of data. The
minimum requirements for th e MDCR are as fo ll o ws:

1. Col  l e c t i n ~ — A n aut omati c fun c ti o n of the PSt .
that must Include : Cou n t in o i nput s o u r c e  code
l i n e s  , tj a t her I ntl and ~ t ori no pe r t i n e n t  inf o t’ma t to n
about f I I es oa t  her I rig and c to ri nq pert I nen t I n t o  rma —
tion about PSL fu nct i ons, and al lo w i n g addi t Ion ot
use r  ro u t  I nec .

2
• Upd at lnQ - A PSL function a l lo w i n q modification of

the data base 1~~~w h1c h coll e ction data was stored.
t h is function m u s t :  A l low al l o c a tion of d a t a
areas, adding d a ta , dele t in q data , rep l a c f n ~ data .
and terminati o n of data areas.

3. A ccumu la t in g - A PSL fa cu l t y to extr act , summ ari:e,
or process m anagement data stored in the PSL. T h i s
fac i l i t y  must: Su:nmari:e data at vari ous hierarchi-
c a l  l e v e l s , proce ss data fo r  m a x i m a , m inima , and
ave r age s ,  retain dat  a prod uced.

4. Arc h i v i n g  — Historica l Inform ation storin g f a c i l i t y
that must pr ovide: Storaoe (on secondar y s t~~raqe
d~ v ic ~ c~ .ill dat - a a ccumulat e d at the system le v e l.
and b a ckup of niana~jement data.

‘
~~~. l~op o rt inq — A report generati on fac i l it. v to o ut p ut

In format I on in a c o n v e n i e n t  and meant n~ ( t i  1 w.~ v

~ecides p r oducin q the v a ri o u s rep orts needed ,
t h i s  fac 11 it v m ust : Produc e reports on an

caPt i on has p ~ d U ~O c v c 1 1 c ‘~ or s i ofl 5 o f re —

ports . and a 11 ow add I no o f  u s e r  ro u t .  I nec

Pb c umen t a t  I on Suppo r t  . I ho ~~ c I c r e~~u i “ernen t s I n c 1 ode
t. he ‘~ to  r a g e  , update a rid o u t p u t  of  P S L d a a as c oec I t’d
~~ t h .  MDCR . ~ the ,’ dec 1 ra h i e , hu t not reou I red , c a p a —

hi l i t i p s  a re as f~ 1 1 owc :

I ~ n t n a u ~; ~ r ~~~ I I ed ~‘ ‘~ u ~~ 
p 

~~ 
p ~~~~

. 

~~ rp (1~l -

ne n t s o t’ or o ~ r ain . t ore d I n t ho ~
‘ ‘

~ L e r p a 1 ~ o
no’ 5 t he a c a pa N 1 1 It ‘. t o  ne c ~ ~niP ii s ~ f ~ —

~rirn d~~s I ~j n  I ant ~uat ~p , pro o ra m s o u r c e  c~~d~ a~~d t est ua 1
d a ta I ri to ont’ o u t pu t l is t  I flQ
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2. Format an output listing In acco rdance with
the following user supplied Informat ion:
Header to be printed at top of page; sp acing
between segments of dat a ; spacin g between
lines of out p ut; and number of lines to prin t
on a page.

3. Automatic page numbering beginning with a user-
sup pli ed page number for Pane ii.

4. Print a title page containin g : Pocume nt tit le:
Document date ; Author ’ s name ; O r ga ni za tion and
address.

5. Generate a magnetic tape in print imag . form .
This allows the distribution of docum ent ati on
In machine readable form for easy storage and
reproduction.

h. On-Line Terminal Implementation Requir ements. ru ll
PSI terminal support must include: Reporting
terminal usage statistics, promotin g security
through access limitation , and a HELP fac ility.

I . General Requirements. A Full PSI must give the
user conveniences such as allowin g more than one
fi le to be specified in all jobs requirin g access
to data files, and a subroutine library to perform
routine PSI functions.

- ~~~~~~~~~~~ - — — — --- — — - 
- - - — —- ~~~~~~~



3.0 DETAILED FUNCTIONAL REQUIREMENTS
The description of the PSI functional requirements is
d ivided Into nine functional areas listed below. The
order of the listing has no partic ular signi ficanc e
except that the basic requirements are identif i ed
onl y for (a) through (e).
(a )  Source Da ta Ma i ntenance
(b)  Outp ut Process i ng
(c) Programm ing Language Support

(d) Library System Maintenance
(e) Data Security
(f) Management Data Collection and Reporting

(9) Documentation Support

(h) On -L ine Terminal Implementation Requirements
(I) General Requirements.
The func ti onal requ i remen ts w it h i n eac h o f th e n i ne
areas are descr ibed as either basic or full. The
purpose of this subdiv ision is to present the func-
ti onal re qu i rements i n a manner w hi c h addresses two
l evels  of potent i al users .

The following paragraphs contain descri pti ons of the
functional requirements.

The 9 functional areas listed above are presented in
sub-chapters 3.1 through 3.9 respectIvely. With in each
func ti onal area , the Basic requirements are presented first
(In su b-chapters 3.1.1 and 3.2 .1, etc.), followed by the Full
Re quirements (sub-chapters 3.1.~~, 3.2.2, etc.). A user who
Is only Interested in the Basic Requirements may therefore
ignore the Full Requirements (sub-chapters 3 .X .2, etc.),
whereas a user who is required to Implement a Full PSI must
comply with the entire text of Chapter 3.

Volume II of this Report cont ains guidelines and exam ple s
for the implementation of all these requirements , organized
according to the same numbering system as this Chapter 3 of
Volume I . As an exam ple , guidelines for the imple m ent a tion
of requirement 3 .1.1.a .3 in this Volume t , w i l l  be found in
Chapter 3 .l.1.a.3 in Vo lume It , etc.

9
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3.1 Source Data Maintenance

This functional area addresses the physical storage and
maintenance of programming relat ed data. The basic re-
quirements define the mi r~ mum capabil it ies needed to store ,
access , maintain and provide backup for the data . The full
requirements define additi onal ca pa bilities which increase
storage efficiency and improve maint enance support.

3.1.1 Basic Source Data Maintenance Requirements

3 .1.1.a Data File Storage

Physical storage must be provided for the following types of
data.

1. Program source code - Programmer coded Input to a
program language compiler or assembler (e.g., COBOL
source s ta temen ts ) .

2. Program object modules — Prooram code that results from
the execution of a compiler or assembler.

3. Program load modules - Program code In a form ready to be
loaded Into a computer for execution.

4. Job control data - Control statements used to contro l the
execut ion  of com puter j obs .

5. Test data - Data used for testing program s and/or program
systems during the develo pment and maintenance of the pro-
gram/system and for performing system and acceptance testin o .

6. Program Design Language (POL) statements - Eng l ish- liL e state-
nents that follow the basic rules of structured programming
and are used to define the program structure and lo gic.

7 .  Textual data - Standard text which is written primaril y
by programmers for use as program docume ntation. (Althou gh
the Intent is to support program documentat ion , any textual
data supporting the programming process could be stored and
maintained in the PSL .)

10
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8. Other data - Any form of data that can be entered via punched
cards , magnetic tape , or on-l ine terminals and stored in a
computer. What data is to be stored is determined by the
user of the system.

9. Prov ision must be made for storing data (except for object
and loa d modules) in a compress ed form to minimize storage
space. This requirement involves:

9.1 The compression of data being stored to eliminate
leading and trailing blank chara cters in each record ,
as well as intervening blanks when more than three
appear con tiguously. This will result in storage of
significant characters only..

9 .2 Res tora ti on o f da ta from i ts com p ressed lib rar y
storage form to its original uncompressed form .

3.1.1.b Data Access

Da ta access - Direct access of a single record of stored
data must be provided via an on-line storage device when
access to that data is deemed necessary to the user. Such
access is necessary during execution of standard PSI jobs
(e.g., data file updating or other maintenance operations).

3.1.1.c Library Backup Capability

Library backup capability - A capability must be provid ed
to recover from Inadvertent loss or destruction of data. This
Involves the following two functions.

1. Backup storage on a storage unit independent of the master
file (e.g., magnetic tape, disk pack , punche d ca rds ) .

2. Regeneration of the library data files from backup storage.

The backup facility must provide the capability to
selectively generate and restore backu p data so that
it is possible to recover portions of the total PSI.
data base without the need to perform full storage
dump and restore operations.

3.1.1.d Data mainte nance

Data maintenance - The PSL must provide faci lities for
generation and updating of library data files. Updating
shall be defined to inclu de addition to, de le t ton from ,
replacement within the copying of a file or parts there-
of , as well as organ ization of file references to re-
flect such changes. Specificall y, the minimum capability
required includes the following functions:

11 
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3. 1.1.d.1

Add one or more character s to a file without re-entering
the entire record wh ich is to contain the new characters.

3.1. 1.d.2

Dele te one or more characters from a file without re-
entering the entire record containing those characters.

3 .1.1 .d .3

Re p lace one or more c harac ters from a f il e with ou t
re-entering the entire record conta in ing those
charac te rs .

3.1.1.d.4

Ma ke th e fol l ow i ng chan ges to one or more records of
source da ta:

(a) Ad d one or more records of data.

(b) Dele te one or more records of data.

(c) Replace one or more records of data.

3.1.1.d.5

Organ ize data for easy reference by providing:

(a) Au tomatic generation of record sequence numbers
within files for data added to the library .

(b) Regeneration of record sequence numbers as a
result of changes to data.

(c) The capabilit y to add records to an existing file
w ith ou t re genera ti on of recor d se quence num bers.

3. 1. 1.d.6

Co py one or more records from one librar y data file to
another library data file:

(a) Within a sing le li brar y .

(b) Between libraries.

3.1.2 Full Source Data Maintenance Requirements

Full Source Da ta Maintenance requirements include all
of the Basic Source Data Maintenance requirements and
the followin g additional requirements.

12
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3 .1.2.a Full Data File Storage

Full Data File Storage - Provisi on must be made for storing
data (except for object and load modules) in a compressed
form to minimize storage space. This requiremen t involves:

1,. The compr ession of dat a being stored to eliminate lead-
ing and trailing blank characters in each record , as
well as intervening blanks when more than three appear
contiguously. This will result in storage of signifi-
cant characters only.

~~~~. Restoration of data from Its compressed library stor-
age form to its original uncompressed form .

3 .1.2 .b Full Data Maintenance

Full Data Maintenance - A PSL must provide for the genera -
tion and updating of library fi les. In addition to the
basic requirements there must also be the following cap-
abilities:

(1) Make the following changes to a file of source data
as well as to a data file:

(a) Modify a record of data (i.e., change one or
more characters in a record without requiring
the user to input the entire line).

(b) Scan for and replace a specific string of data
in a single record or in every record in a data
file In which that string appears.

(c) Insert a string of data into specific positions
of every record of a data file.

(.) Make temporary changes to a data file (i .e., chan ge
a data file for the duration of a single job without
making permanent changes to the stored data f il e~ .

(3) AutomatIcally generate program stubs for subroutines
and corout ines which are referenced in the source code
currentl y in develo pment but which themselves ‘iave not
vet been coded. .A orogram stub i s d efin ed as an in-
compl ete routine which m i n i m a l l y  incl udes ent ry and
exit points and statements ca using printout ~f the
name of the routine entered.

(4) Merge two or more PSL data files from two or more
different PSI. libraries into a single file without
destroying the integrity of the source files.

13
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3.2  Output ProcessIng

3 . 2 . 1  Bas ic  Output Process ing  Requi rements

3 . 2 . 1 . a  L ibrary Control  L i s t i n g s  
0

Li b r a r y  c o n t r o l  l i s t i ng s  - A basi c PSI. implemen tation
must also include the means to generate print ed report s
of a library ’s status. Such reports should contain the
following:

1. Information related to the physical storage of files.
This will include file storage space allocated and used ,
directory space allocated and used , type and serial num-
ber of storage device , data Identification , and similar
informat ion.

2. A directory listing (i.e., an alphabetical list of file
names) of the contents of a single library .

3.2.1.b Source Data Listings

Source data listings - The computer installation must be
able to provide printed listings of the data stored In a
PSI. Such printout shall include:

1. Lis tings of selected data records.

2. ListIngs of all data In a single library data file.

3.2.1.c Control Data

Control data - All print ed listings oroduced by the
library must contain the internal library and file names
and the date and t ime produced for use in maintaining
the external libraries.

N
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3.2.2 Full Output Processing Requirements

Full Requ i rements - Full Output requirements include
all of the Basic Output requirements and the following
additional requirem ents.

3.2.2.a Full Magnetic Tape Output
Full Magne ti c Ta pe Ou tp ut - T h e Full i mp lemen ta ti on o f
PSL output processing must include the capability to copy
da ta onto magnetic tape for permanent storage or for
distribution to other computer facilities. The user
must be able to determine which data is to be copied ,
i.e., access  sa id d a ta , In at least one of the following
two ways:
1. Cop y one or more specific data records onto magnetic

tape.
2. Co py one or more specific data files onto magnetic

tape.

3.2.2.b Full Punched Card Output
Punc hed card output — The Full implementation of PSI. out-
put processing must include the capability to output data
on punched cards. The user must be able to select data
for output in terms of either records or files , i.e.,
he must be able to use at least one of the following
met hods :
1. Punc h the contents of one or more data records.
2. Punc h the content ! of one or mere data files.

3.2.2.c Full Management Control Listings
Full Mana gement Control Listings — Additional printed out—
put requirements are defined in the Management Data Colle c-
tion and Reporting requirements.

3.2.2.d Full File Directory and Listings by Programmer
Full File directory and listings by programmer - A ful l  PSL
implementation must include the capability to generate
a list of all files and/or listings thereof , that are
identified as having been generated by a specific pro-
g rammer.

3.2.2.e Full Automatic Indentation of Source Code Listings

Full Automatic indentation of source code listin gs — The Full
implementation of a PSL must include the ca pability to
automatically indent source code listings generated from
PSI source d a ta fi les .  Inden ta ti on for JOVIAL , ANS FORTRAN ,
ANS COBOL, an d TACPOL i s i n accor dance w ith th e s truc tured
programming standards defined in Volume I of the Structured
Pro g ramm i ng Se ri es , “Programm ing Language Standards ” .

15 
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3.2.2.f Full Data Scanning Capabili ty

Full Data Scanning Capability - A Full implementati on of a
P51 must include the capability to scan for a specific string
of data in every record of every file In a PSL and to list
the names of the files in which it appears. This capability
allows a user to determine where a specific string of data
is used and if it can be repl aced In every fil e in which it
is used .

3.2.2.g Full Directory Availability Printout

Full Directory Availability Prin tout - A Full implementation
of a PSI. must include the capability to generate a printed
re por t of

a) the initial space allocation made for a directory on a
directory oriented device ,

b) the date of such allocation ,

c) the number of directory records currently utilized and/
or the present space utilization within the directory ,

d) the date and time of the report,

e) the date of the last directory compressions.

16

0~ - - ~~~~~ :-



~~~~~~ -~~~~~ - - - _ _

3.3 Programming Language Support

This functional area involves the validation and com-
pilation of program source code stored in the PSL.
The basic requirements involve the compilation of
source code. The full requirements involve the valida-
tion of source code based on structured programming
standards.

3.3.1 Basic Programming Language Support Requirements

3.3.1.a Compiler Interface

Com piler Interface - The Basic implementation of a PSI.
must include a method for invoking precompilers , if avail-
a b le , an d com pi lers i n or der to p rocess source s ta temen ts 0

stored in the library . Such source statement processing
must inc lude:

1. Syntax checking of source code (i.e., precompiler
and compiler checking of source code for proper
use of the language syntax and for identi fication
of all errors).

2. Com pil ation of source code and storage of the re—
sulting object m Odule in the ~library .

3.3.1.b Load Module Generation

Load Mo du l e Genera ti on - T he Bas i c i mplemen ta ti on o f a
PSI must provide the interface required to execute those
programs necessary for the conversion of object modules
into executable code. The PSL must also provide a means of
storing the resulting machine code in the librar y or of
loa ding the program(s) into storage for subsequent exe-
cu ti on.

‘7

- - — 5  _~ _~~,•_5~~~~~~~_-_ - - — .  
S ~~ ‘_ _~ •t ±~~t 

- - - - 
0~ 0 0~



3.3.2 Full Programming Language Support Requirements

Full Programming Language Sup port requirements include
a ll of the Basic Programming Language Supp ort require-
ments and the following additional requirements.

3.3.2.a Full Top Down Structu red Programming Support

Full Top Down Structured Programming Support - The PSI must
include facilities which provide a capability to perform ,
at user option , automatic exception checking of certain
top down structured programming standards which are more
efficiently checked during library update than during
com pilati on. Such exception checking must include but
is not limited to:

1. Flagging (i.e., identify ing on a listing) of all ex-
pl i c it branc hes suc h as GO TO s ta tements.

2. Flagg ing program language source code files or programs
blocks that exceed a maximu iir size to be defined by the
user.

3. Flagging any lines of source code that contain more
th an one source s ta temen t (a li ne of co d e i s d efi ned
as one source file record). This requirement is based
on coding standard 4 presented In Section 3.2 of Vol.
I of the Structured Programming Series which states
that “only one statement per line of code is permitted” .
The reasons for this restriction are increased program
readability and suitability for pre -compiler input.

—.5
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3.4 Library System Mainte nance

This functional area involves the generation and ma in-
tenance of the library system and related data storage
and indices. The basic requir ements include a facility
to install , ma intain and terminate tne PSI.. The full
requirements expand this facility to provide a system
generation capability.

3.4.1 8asic Library System Main tenance Requirements

3.4.1.a Library Installation Support

Library Installation Support - A procedure and the re-
lated system support facilities must be provided to in-
s tall the PSL at a user loca ti on.

3.4.1.b Library Maintenance Support

L i b r a r y  m a i n t e n a n c e  s u p p o r t  - The fo l low i ng sup por t of da ta
storage maintenance must be prov ided .

1. Alloca tion of new librar y data storage and directory
s pac e.

2. Real loca t o n  of existing data storage and directory
space.

3. Compression of data in existing files to eliminate de-
leted or su perc ed ed da ta an d recover unused s pace.

3.4.1.c Library Termination Support

Library termination support - The system facil ities re-
quired to terminate the use of a PSI. must be provided.
Such termination is defined to include the deletion of
all library data storage and related indices.

3.4.2 Full Library System Maintenance Requirements

Full Lib rar y Sys tem Ma i ntenance re qu ir emen ts i nc l ude all
o f th e Bas i c L i brar y Sys tem M a i ntenance re qu i remen ts and
the following additional require ments.

3.4..2.a Full Library Installation Support

Full Library In stallation Support - The PSI. installation
procedures and related system support facilities must pro-
vide for the following two installat ion requirements.

19

-

~

- — 
-  - 

~~~~~~~~~~~~~~~~~~~~~ S~ 5o o~-~ ~~~~~~~~
-—



1. Definition of the hardware configuration at insta lla-
tion time to meet the user ’s requirements (e.g., no
specific hardware config uration beyond general minimum
requirements).

2. A system generation facili ty that allows the user to
generate a PSI that contains only the major functional
capabilities (e.g., management data collection and re-
porting, etc.) required at that installation. This
capability provid es the flexibility to generate a PSI.
to meet requirements that fall in between the Basic and 0

Full requirements as defined in this report.

to
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3.5 Data Secur i t y

This functional area Invo lves control over the lnte q r it y
and security of the data stored In the library . The PSt
must provide control over different vers ions of programs!
sys tems under deve lo pment , co nt ro l  over  the i n a d v e r t e n t
destruction of data , and the protection of data from un-
authoriz ed access. The requirements In the area ~ f
pr otection provide data privacy and support the pr o t e cti o n
of classi fied data. However , these are minimum c a p a b i l i t i e s
and are not intended to provide a com pl e t t’ly secure system .
Protection of classified data is left primaril y to phy s~ L al
security measures.

3.5.1 Basic Data Security Requirements

The a bility to recover from Inadvertent loss or de stru L
tion of data through the use of a backup capab i l i ty ~s
cove red in Vol. It , Para graph 3.1.1 .c.

In addition to such backu p capabi l ity, the PSI must
also provide , as a Basic requirement , protection against
the Inadvertent  des t ruc t i o n  of data as a resu l t  of an up-
dating operation. The PSI mu ct prevent the addition or
copy ing of files onto a PSL library if unIts with the same
names a l read y  ex i s t  w i t h i n  tha t  l i b ra ry .

3.5..~ Full Data Securit y Requirements

In addition to the Basic Data Security requirements
a PSI. must support the following requirements in order
to provide control over the integrity and security ~f the
data  s tored In the l i b ra ry .

3. 5.~~.a Full Data Integr ity

~ A method for mainta i ning control over m u l t i p l e  versi ons of
a program or program system as well as a metho d for m a i n t a i i —
in g cont ol over various chan ge levels of sourc e files w i t h i n
a speci fic version of a progr am system must be p rovided . The
objective of such control Is to allow a develo pment 5an d l or
maintenance group to mani p ulate multi ple versi ons of the s ame
:~roqram system (which would he stor~’d l’i sei~ara te cub d~ v ’ \ ’~~is~
w h i l e  s t i l l  ensur in g  th a t  s o u r c e  code is ~~ m o 1  i c i t e d  u 9 n e c o s —
~ar il v. Such control al s o a llows data to b~ ner¼ )ed from
seve r a l  s u b d i v i s i o n s  in order to obtain th e des i ”ed com-
b i n a t i o n  for the purpose of performin g tests ~see a lso
Paragra ph 3 .9 .~~.a ) .
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I t Is to be noted that a ve rs ion  is def ined as a corn-
p late  program or program sys tem as It e x i s t s  at a spe-
cific point In time , usually related to a certain ph ase
of deve lopment .  Any g iven program sys tem might have an
opera t iona l  ve rs ion , a developm ent  ve rs ion  and a main-
tenance ve rs ion , among o thers .  A change leve l  w i t h i n  a
ve rs ion  refers to the number of major changes that have
been made to the ind iv idua l  source f i l e s  w i t h i n  the ver-
s ion .

F 3 .5. 2 .b Full Data P ro tec t ion

Full Data Protection - A Full implementation of a PSI. must
Inclu d e th e p ro tect i on o f dat a from unau th or i ze d access
and unauthor ized update .  The data p ro tec t i on  require-
rnen ts are:

1. The PSL must provide a means to res t r i c t  a c c e s s  to
the subd iv i s ions  w i th in  a proj ect  and the data types
wi th in  a subd iv is ion .

2. The PSL must provide a means to f i l te r  access  to
f i l es  of a g iven data type stored within a sub-
division. Specifically, It must be possible to :

(a )  Rest r ic t  access  to data f i l es  for e i ther  output
or update to only author ized i n d i v i d u a l s .

(b) A l l ow  free access  to data f i l e s  for output  but
res t r ic t  update to only au thor ized  i n d i v i d u a l s .

(c) A llow free access to data files for either out-
put or update.

3. The PSI. must provide a means of printing classified
t i t l e s  ( i . e . ,  C o n f i d e n t i a l , Secret , e t c . )  on any
pr inted reports produced by the system .

•
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3.6 Management Data Collection and Reporting

Th i s funct i on i nvo lves the co l lec ti on and stora ge of data
related to program develo pm ent and rnainten .ance and the
genera tion of man~’~jement repor ts containing the data and/
or summar ies of the data. For further details on data
it ems co l lec ted , repor t classes, etc., see the Management
Da ta Collection and Reporting report (Structured Programming
Ser i es , Volume IX).

3.6.1  Bas i c Managemen t Da ta Col lec ti on and Re port i ng Re qu i remen ts

The collection and reporting of management data is
no t a Basic requirement of a PSL.

3.6.2 Full Mana gement Da ta  Collection and Reporting Requirements

The func tional requirements are subdivided Into full col-
lec ting , full upda ti ng , full accumula ti ng , full arch i v i n
and full reporting requirements . All management data co -

lected by the PSL will enter the PSL through either the
collect ing or updating facilities.

3.6.2.a Full Collect ing

Full Collec ting - The data collection facility is an auto-
mat ic function of the PSI. This facility provides

(a)  for the gather ing of Actual d a ta , i.e., da ta
descr ibing the res~ilts of programming actions
within the scope of a project. Such data is
gathered when programming related data as de-
fined In Vol. II, para . 3.1.1.a is entered into
th e PSL.

(b) for the storage of Actual data in a Management
Statistical Data Storage area.

3 
This facility must have the follo wing capabilities:

1. Coun ting input source code lines, i.e., recor d s , and
storing or modifying already existing Actua l data
stored in the PSL. Such data may include versi on/
mod ifi ca ti on level , ne t li nes of source co de per fil e
an d total lines of source code input per file. N

2. Ga therin g and storing in a Management Stat istical Data
Base all pertinent source file data (e.g., start date
and end da te) which is available to the PSI..
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3. Count ing and stor ing Actua l  data concerning certain
PSI func t ions .  Typ ica l data wou ld  be the number of
compilations, num ber of assembl ies , number of li nes
of code from another source , etc.

4. Allowing the user to add routines to the PSI which
ma y be used for gathering of Actual data needed
to satisfy unique user requirements.

3.6.2.b Full Updating

Full Updating - Provide a data update facility to add ,
dele te, or replace Plan or Actual data stored In a Manage-
ment Statistical Data Base. This facility must provide
the following capab ilities.

1. Alloca ting Management Statistical Data Storage area(s)
on direct access devices and in i t i al i zing the PSL for
the data collection and reporting functions for a new
structured programming project. These storage area(s)
are reserved for data at both the hierarchical level
(file, program , subsystem and system ) and computer job
level.

Z. Editing Management Statistical Data and notif ying the
user of format or data errors.

3. Adding Management Statistical data , supplied by the user ,
to a Management Statistical Data Base In the PSL. This
da ta will include such items as source file name , user
identification , programming language, speci fication
om i ss i on errors , implementation misinterpretation er-
rors , •~nd m an-mon ths or hours of programming time .

4. Deleting Management Statistical Data from a Management
Statistical Data Base. Such deletion wIll be based on
user-su pplied informati on.

5. Replacing Management Statistical Data existing in a
Managemen t Statistical Data Base. Such repl acement will
be based on user-su ppli ed information such as deliverab le
and ind icator , number o f li nes of source cod e from ano th er
source , and man-mon ths or hours of programmer time.

6. Storing user-su pplied data relating to computer job turn-
around time . This data will be used to compute the aver-
age, max imum and minimum computer turnaround time for a
job.

24
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7. Terminating the collection of data for specific data
types (e.g., Computer Ut i lizat ion). For clarification
of data types see Section 3.5.1 of Volume IX of the Struc-
tured Programming Series.

8. Terminating the data collection and archival functions
performed by the PSL for a programming project.

3.6.2.c Full Accumulating

Accumulating - Provide a data accumulation facility to
ex tract and summarize or process Mana gement Statistical
Data stored in the PSL. This facility must provide the
following capabilities:

1. Summar izing Management Statistical Data for the hierar-
chical levels of program , subsystem and system , and for
all rela ted source files existing in the PSI.. The sum-
mar ized data will Include items such as total program
source lines and total program files.

2. Processing Management Statistical Data which exists in
the PSI. Such processing consists.of determination of
max i ma , m inima , and averages for certain items and may
i nclude the calcula ti on of average source un it s i:e ,
average number of source lines input per file , and
max imum number of updates allowed for a file.

3. Retaining the summarized and processed data for the pur -
poses of reporting and archivi ng.

3.6.2.d Full Archiving

Full Archiving - Provide an historical Informat ion
storing facilit y to record historical information on
structured programming projects. This facility must
provide the following capabilities:

1. Storing on a secondary storage device all data items
which have been collect ed or accumulated at the system
level . This data should be retained for a user-deter-
mined duration in order to satisf y historical reporting
requirements.

2. Backing up of Management St atistical Data. Backu p cap-
abilities were describe d in Vol. It , Subsection 3.1.1.
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3 .6 . 2 .e  Full Report ing

Full Reporting - Provide a report generation facility to
ou tput information in a convenient and meaningful manner.
This facility must prov ide the following capabilities:

1. Producing Program Module Statistics reports for the
various hierarchical levels including file , program ,
subsystem and system . These reports will contain such
i nforma ti on as ne t li nes o f source co de , total pr ogram
source files, total update runs performed in a program
and total lines of source code input for a program during
a given repor ting cycle.

2. Producing detailed and summary Computer Utilization re-
ports. The detailed reports will contain information
suc h as the average computer turnaround time for each
programmer. The summary report will contain information
suc h as the average computer turnaround time for all pro-
gramm ers on a p rojec t .

3. Producing Program Main tenance Statistics reports for the
var ious hierarchical levels including file, program , sub-
system and system . These reports will contain informa-
ti on such as s pec ifi ca ti on om i ss i on erro rs , implementation
mis interpretation errors , an d number of update runs.

4. ProducIng Program Structure reports in both detailed and
summar y form . The detailed reports will list the total
tree structure of the program starting at the file speci-
fied by the user and including all sl i nc l uded li an d hl c all e dsi
source files. The detailed reports will also contain a
cross reference listing of all includ ed and called files.
The summary reports will contain a partial tree structure
showing only the top user-s pecified number of levels. They
w ill also contain a cross-reference listIng. —

5. Produc ing Historical reports from the archival projects
da ta. The content of these reports will be user-indicated ,
and may include such data as project name , date range, and
ran ge of project size expressed in number of program source
files. The reports will also contain cost data and key
historical data items from the Program Module Statistics ,
Computer Utilization , Program Ma i ntenan ce , Statistics and
Program Structure reports for both active and inactive
sof tware p ro jec ts.
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6. Produc ing Combination reports for the var ious hierar-
chical levels inc luding program subsystem and system .
These reports will combine cost data with information
f r o m  more  than one report c l a s s  ( e .g . ,  Program Module
S ta t i s t i c s  and Pr ogram Ma in tenance  S t a t i s t i c s ) .

7. Producing Cyclic ver sions of the reports described in
Items 1 th roug h 6 above.  These repor ts  w i l l  inc lude
da ta such as total lines of source code for a progr am
for a g iven program cycle. They will also flag dis-
crepanc ies ,  e .g . ,  when t ravel c osts  expended to date
exceed the t ravel  cos t s  budgeted to date.

8. Allowing the user to add output rout ines to the PSL.
These routines will be used to output the actual data
collec ted by the user routines which were added in
order to satisfy unique user requirements.

9. Producing reports on an exception basis , without user
request, when s i gn ificant variances exist between Actual
and Plan da ta.
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3. 7 Documentat ion Support

This functional area involves the storage, update and out-
put of program documentation. The requi rements defined
in this subsection are based on the use of a program de-
s i gn language , structured code and text as the prin cipal
sources of program documentation. Support of the genera-
tion , ma intenance and output of graphics (e.g., bloc k dia-
grams, HIPO c har ts , etc.) are not included in these require-
men ts. The intent Is to use the PSI. storage and maintenance
capabilities along with some specialized output capabilities
to provide a basic documentation capability . It is not the
intent of these requirements to use the PSI. as a sophisticated
document generation and publication system.

3.7.1 Basic Documentation Support Requirements

The storage and update of program design language , program
source code and textual data are described in Subsect ion 3.1
of this report. The requirements defined in Subsection 3.1
are suff i c ien t to cover all of th e requ i remen ts for s tor i ng
an d updating program documentat ion. Additional documentation
su pport Is not Included in the PSI. basic requirements.

3.7.2 Full Documentation Support Requirements

3.7.2.a

Full Documentatfo n Su pp or t Im pl emen ta t ion i nclud es th e
ca pability of printing in a user specified sequence one or
more PSI. files. This output facility must be a.ble to
merge Program Des ign Langua ge files , source code files
and textual data files into a single output listing.

3.7.2.b

Full requirements include the capability to format an
output listing with the following user-specified informa-
tion.

1. Page beg inn ing  i n d i c a t o r s .

2. Header in format ion to be printed at the top of
each page.

3. Spacin g between files being printed .

4. Spacing between lines of output.

S. Number of l ines to print on a page.
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3.7.2.c

Com plete formatting facilities must in clude automatic
page numbering beginning wi th a user -supplied page number
or w ith page 1.

3 .7 .2 . d

Full Doc umentat ion Support requires the capab i l i t y  to
print a t i t le  page which conta ins as a m inimum the fol-
low ing user -specified Informat ion:

1. Document T i t l e .

2. Document Date .

3. Name (s)  of Au thor (s )

4. Organization and Address.

3 . 7 . 2 . e

Full Documen tation Support includes the capability to
genera te a magnetic tape In print image form . This
allows the distribution of documentation In machine
readable form , thus facilitating both storage and re-
production of documentation.

H
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3.8 On-Line Terminal Implementat ion Requirements

Up to this point the descriptions of the PSL functional
requirements have been independent of any implementation
considerations. A system to satisfy these requirem ents
could be Im plemented in either a batch or an on-line en-
v i ronment. However , the use of on-line terminals for the
dynamic execution of normal library functions (e.g., sou rce
data ma intenance , program comp ilat ion, etc.) introduces
some add itional requirements which apply only to an on-
l ine implementation of a PSI. These requirements, which
cove r general on-line terminal capabilities , are s ta ted
in this subsection .

An on— l ine implementation of a PSI. must provide the follow-
ing capabilities to support the functional requirements de-
fined in the other subsections of this report.

3.8.1 Basic On-Line Terminal Implementation Requirements

3.8.1.a

On—line implementation of a PSL must include support of
terminals which are- connected to the computer either via
commun ication links or directly via cables and control
un its (if required). 

-

3.8.1.b

Interactive PSL capabilities must include support of
both display (Cathode Ray Tube) terminals and type-
wr iter terminals.

3.8 .1.c

A remote job entry capability must be provided so that
PSL jobs initiated at an on—line terminal may be run
in a batch envi ronment.

3.8.1.d

On- line implementa tion of a PSI requires a terminal -to-
terminal commun ication ca o ab il ity to allow the transfer
of data between interact ive ports within the same PSI
system.
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3.8.1.e

A facility to recover from system failure must be included
in the PSI so that data which has been entered from a
terminal prior to a hardware or software failure is not
los t ( i .e. , a user ma y reinitialize a terminal session at
the point of failure so that only the data displayed on
the terminal but not entered into the system is lost).

3.8.1.f

An on -line PSI implementation requires the capability to
scan through data files displayed at the terminal. This
may be termed a paging capability for those terminals
which are page-oriented , such as CRTs, but even those
terminals which are not page—oriented should be able to
display the first, las t, and specified intermediate lines
of a file. The total file scanning capability includes
(where applicable):

1. Displaying the next page of data. A page of data is
defined as the number of lines which may be displayed
on the CR1 at a single time; this number is dependent
upon the specific make of CR1.

2. Displaying the previous page of data.

3. Displaying the first page of data retrieved.

4. Displaying the last page of data retrieved.

5. Roll ing a display forward one or more lines.

6. Ro l l ing  a d isp lay  backward one or more lines.

3.8.2 Full On-Line Terminal Implementation Requirements

3.8.2.a

Full interactive PSL implementations requires the capability
to collect and output statisti cs related to each on-line
terminal. Such statistics include time in use (real and
CPU), ty pes an d number of re q ues ts , e tc.
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3 .8 .2 . b

Ful l on-l ine implementat ion requires the ca pab i l i t y  to re-
strict the access to specif ic PSI data files to designated
on- line terminals. I.e ., access to certain files is allo wed
only from specific on - line terminals which may be located in
phy s i call y secu re or res tr i c ted areas .

3.8.2.c

Some form of user Iden tificat ion and authent ication is re-
quired for access to a PSL from any on - line te rminal.

3 8 2  1

Full on-l ine implementatio n requires the ex is tenc e of
a user suppor t facility which allows a PSL user to re-
ce ive at his terminal a summary of PSI. functions and
commands. The HELP file allows the on—l ine user to
learn proper utilizat ion of the PSI.
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3.9 G e n e r a l R e q u i r e m e n t s

Gene ral support pr ov i d ed by a PSI. Inc ludes several capa-
bilities which are not directly associated with one of
the other major functional areas.

3.9.1 Basic General Requirements

There are no general supp ort requir ements included in the
PSL basic requirements.

3.9.2 Full General Requirements

A Full PSL must suppor t the following general require-
men ts.

3.9.2.a

A Full PSI. implementation requires that the user be
able to specify more than one file In all jobs requiring
access to a data file. Said multiple files must be con—
catenated in user—specified order and treated as though they
were one cont iguous f i le .  Th is capab i l i t y  a l l ows  th e user
to combine different versions of files (e.g., development
and operational) for the purpo se of testing new capabilities ,
error corrections, etc.

3.9.2.b Full Subroutine Support for User Programs

Su broutine support for user programs - Full PSI. implementa-
tion requires that programs and/or subroutines used to per-
form certain PSI functions be made available to the user.
Such programs include index searches , file listings , and
other basic tasks which may be needed for integration into
software written by ~he user for his own special needs.
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